formed by proteins and that they may fuse with one another forming larger holes. 
Introduction
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Protozoans of the genus
directly causes host cell rupture [4] [5] [6] [7] or that amastigotes are released by exocytosis In previous studies, we have described a cytolytic activity present in Leishmania 88 amazonensis amastigostes and promastigostes that functions optimally at 37°C and pH 89 5.5 (conditions that are found inside the PV), but also at lower temperatures and/or 90 neutral pH [10, 11] . This cytolytic activity has mostly been characterized in L. 6 116 Pore-formation by promastigote extracts was first suggested by an indirect 117 method, osmotic protection with polyethileneglycol in erythrocytes [10, 11] , and first 118 demonstrated by the patch-clamp technique in macrophages [12] . However, we had not 119 yet directly visualized the pores and/or the membrane damage caused by its action. As 120 known from previous works, human erythrocytes [11, 12] Parasites were resuspended in borate buffer 50 mM pH 7.0 to a density of 2 x 10 9 148 in 1 mL and subjected to five cycles of freeze-and-thaw. After nuclei and debris 149 sedimentation at 1000g for 10 min, the supernatant (crude extracts) was centrifuged for 150 1 hour at 16.000g. The membrane-rich pellet was resuspended to 1 mL in borate buffer The cytolytic activity of parasite mExt was assessed by a hemolytic assay using 161 human erythrocytes (HuE) as targets, as previously described [11] . Briefly, in 96 round- All experiments in this work were repeated at least 3 times and all data 227 correspond to a typical result. Another similar experiment, shown in figure 3 (A-C), emphasizes three pores 267 whose depths were around 8.6 nm, 8.2 nm and 7.3 nm (Fig.3 C) . In figure 3 we can also 268 see the 3D lateral view of the same field, in which diameter of the larger pore has 269 approximately 50 nm (Fig 3C) . from a previous report [13] showing that leishporin is also able to lyse DPPC 276 liposomes, although the cytolysin does not lyse DOPC liposomes (Fig. 1 ). To 277 investigate whether similar pore-shaped structures were also found in liposomes lysed (Fig. 4C) . Figure 4D figure 4D , respectively, where we can see an almost coalescent 2-pores, with 296 the diameter of around 150 nm (Fig. 5B) . The topographic profile (Fig. 5C and D 
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(panel 1)) showed that the depths of some other pores, around 6.4 nm, 7.7 nm, 7.8 nm (Fig. 5A and C (panel 2)) . Figures 5B and D (panel 2) show the 305 depths measurements of some of the pores. In these particular measurements the depths 306 were around 5.2 nm, 5.8 nm, 6.6 nm (Fig. 5B (panel 2) ), 4.9 nm, 6.8 nm and 7.3 nm 307 ( Fig. 5D (panel 2) ). Figure 5E Many of the observed pores were measured to obtain their diameter and depth. (Fig. 6A) .
322
In liposomes, depths varied from 4 nm to 10 nm and, like in erythrocytes, this 323 indicates that pores have traversed the membrane. However, around 80% of pores 324 measured around 5 to 8 nm in depth. Individual or coalescent pores measured from 25 325 nm to 227 nm, but most (~60%) ranged from 97-162 nm (Fig. 6B) This type of difference in measurements using different techniques has been already 403 reported. For instance, for EspB and EspD, two hemolytic proteins produced by the 404 type III Secretion System from E.coli, osmoprotection assays revealed a minimal pore-405 size of 3-5 nm whilst AFM showed pores ranging between 55-65 nm [45] .
406
It was quite conspicuous that in liposomes we could visualize pores much larger 407 in diameters than in erythrocytes. One possibility is that, liposomes were more 408 overloaded with mExt than erythrocytes, an approach used in order to maximize the 19 409 probability to visualize the pores. Another possibility is that in liposomes, pores could 410 more easily fuse with each other giving rise to larger pores. About the variation on the 411 depths of the pores, we can speculate that the shallowest pores (4 nm) might not be 412 completely traversed the membrane and the deepest ones could be due to the fact that 413 the films are not totally straight (in fact, some sort of undulations appears in the 414 images) and the AFM probe could be measuring more than the thickness of the 415 membrane (for instance, in cases where the pore would be in the top of the undulation).
416
A remarkable finding was that, in liposomes, we could observe a pattern in diameters of 417 pores. Many pores had invariably the same diameter, all multiples of ~32.5 nm (Fig. 6) , 
436
In Leishmania life cycle, host cell death/rupture passively caused by amastigote 437 overpopulation has been the customary assumption for release of parasites [4] [5] [6] [7] . Lately, Listeria monocytogenes [50, 51] Legionella pneumophila [52] , Toxoplasma gondii [53] 444 and some Plasmodium species [48, 49, 54] .
445
The capacity to cause cell damage on their host cells has been reported as an T.cruzi, and pore formation has been shown to facilitate its entry in host cells [55, 56] . 
